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ABSTRACT: Cigarette smoking does not increase hydro¬ 
gen peroxide levels In expired breath condensate of patients 
with stable COPD. D. Nowak, M. Kasielski, T. Pietras, P. 
Biahtsiewict, A. Antczak. 

Cigarette smoking is the most common factor responsible 
for the development of chronic obstructive pulmonary dis¬ 
ease (COPD) leading to oxidant overload in the lower air¬ 
ways because of the presence of oxidants in cigarette smoke 
and recruitment and activation of pulmonary phagocytes. 
In this study we intended to determine whether: 1) patients 
with stable COPD have higher H 2 0 2 levels in expired breath 
condensate than healthy nonsmoking subjects and 2) whether 
cigarette smoking increases H,0, exhalation in patients 
with stable COPD. The II 2 0 2 content of the expired breath 
condensate of 17 healthy nonsmoking subjects and 38 
patients (10 current smokers, 17 exsmokers and 11 who 
have never smoked) with stable COPD (forced expiratory 


volume in one second (FEVl) 63.3±1S.5% of predicted 
value) was measured spectrofluorimetrieally (homovanil- 
lic acid method). 

The mean H 2 0 2 concentration in the expired breath 
condensate of COPD subjects was 10-times higher than 
that found in healthy controls (0-55+0.69 gM versus 0.05+0.07 
pM, p<0.005). There were no signillcant differences between 
H 2 0 2 levels found in current smokers with COPD (0.44*0.56 
uM) and COPD subjects who have never smoked (0.49+0.70 
uM). No correlation was found between expired H 2 0 2 and 
daily cigarette consumption or cumulative cigarette con¬ 
sumption in current smokers or exsmokers with COPD. 

These findings demonstrate that subjects with stable 
chronic obstructive pulmonary disease exhibit increased 
H 2 0 2 generation in the airways and that cigarette smok¬ 
ing does not increase H 2 0 2 production. 
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Cigarette smoking is recognized as the most 
important factor responsible for the occurrence 
of chronic obstructive pulmonary disease (COPD) 
[1]. Cigarette smokers have increased numbers of 
macrophages and neutrophils in their lower airways 
[2, 3], These ceils release large amounts of reac¬ 
tive oxygen species, including hydrogen peroxide 
(HjO-;) [2, 4], that may inactivate otpproteinase in¬ 
hibitor causing proteolytic lung destruction that results 
in the development of pulmonary emphysema [5, 
6 ]. 

Cigarette smoke contains many reactive oxygen 
species and in addition aqueous solutions of ciga¬ 
rette smoke generate H,,0 2 [7, 8]. H 2 O z can cross 
cell membranes and could be converted into the 
highly cytotoxic hydroxyl radical in the presence of 
iron and superoxide radicals [9j. Some of the H 2 0 2 , 
not decomposed by antioxidant enzymes, may evap¬ 
orate from the alveolar lining fluid and be excreted 
with the expiratory air. 

Patients with COPD and asymptomatic cigarette 
smokers have been reported to exhale increased 
amounts of H 2 0 2 compared to healthy nonsmokers 
[10, 11]. Moreover, infectious exacerbation of COPD 


has been shown to result in a further rise in H 2 0 2 
levels [11], Since cigarette smoke causes influx and 
activation of pulmonary phagocytes, it is possible 
that COPD patients who still smoke have higher 
concentrations of H 2 0 2 in expired air than exsmok¬ 
ers or those COPD subjects who have never smoked. 
Recent studies have, however, provided completely 
different data, showing that COPD patients who still 
smoke can exhale lower amounts of H 2 0 2 than 
exsmokers with stable COPD [11]. This "suggests 
that tobacco smoke can induce some compensatory 
mechanisms providing protection against reactive 
oxygen species including H 2 0 2 . However, the above 
mentioned differences in H 2 0 2 exhalation between 
COPD smokers and exsmokers are based on the 
analysis of 12 patients (4 smokers, 8 exsmokers) so 
a bias cannot be excluded [11]. 

In this study, therefore, we wanted to determine 
the influence of cigarette smoking on H 2 0 2 levels 
in the expired breath condensate of a larger group 
of patients with stable COPD. We report herein that 
COPD patients exhale ten-times more H 2 O a than 
healthy nonsmoking subjects and that this variable 
does not correlate with the cigarette smoking status. 
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Material and methods 

Study populations 

The study subjects included 17 healthy volun¬ 
teers and 38 patients with COPD (table 1) who had 
not suffered from any infectious diseases for at least 
3 months prior to the study. The healthy never smok¬ 
ing subjects, who had no history of respiratory or 
atopic diseases were members of our medical staff 
and were free of any medication. Routine physical 
examination showed nothing abnormal. 

Forty-two consecutive COPD patients without 
any concomitant diseases were selected from 125 
COPD subjects whose data were found in the Medical 
University Outpatient Department COPD register. 
These patients had not taken inhaled or oral corti¬ 
costeroids within the last three months. Subjects 
were asked to stop all medication except for short- 
acting pj-agonists (salbutamol or fenoterol on demand 
up to 4 puffs day 1 ), anticholinergics (inhaled ipra¬ 
tropium bromide 0.12 mg-day -1 ) and theophylline 
(600 mg-day'), and to come to the clinic after a 
four week washout period to collect expired breath 
condensate and perform lung function tests. The 
intake of any drugs (e.g. A'-acctylcystcinc, ambroxol, 
vitamins) with possible antioxidant activity [12—15] 
was not allowed during die study. 

Spirometry was performed using a Flowscreen 
(Erich Jaeger GmbH, Wurzburg, Germany) equipped 
with software compatible to die American Thoracic 
Society standards [16], between 08:00 and 09:00 h. 
Subjects refrained from using inhaled drugs ((^-ago¬ 
nists and anticholinergics) and oral theophylline for 
6 and 12 h before lung function measurement, respec¬ 
tively. The criteria for inclusion were an ability to 
stop medication other than the above recommend¬ 
ed therapies and an increase in the forced expira¬ 
tory volume in one second (FEVl) of less than 10% 
of the predicted value 15 min after taking 200 gg 
salbutamol (2 puffs from a metered dose inhaler). 
The predicted values were derived from the European 
Community for Steel and Coal statement [17]. Thirty 
eight of the COPD patients fulfilled these criteria. 
Ten of them were current smokers, 17 were exsmok¬ 
ers and 11 had never smoked. The spirometric data 
were similar for all COPD subgroups (table 2). 

The never smoking COPD patients (3 males, 8 
females) were professionally exposed for >20 yrs 
to factors that are known to predispose to COPD. 

Table 1. - Characteristics of the study subjects 


Healthy never COPD 

smokers patients 


Number 

17 

38 

Age yrs 

55+7 

“ 60+9 

Sex M:F 

10:7 

20:18 

FEVl % pred 

99-4 

63.3+15.5** 

FEVl/FVC 

80.3+1.4 

57.6+12.9** 

FEVl reversibility % pred 

1.3+1.2 

5.0+3.4 


Data are expressed as mean±sD_ COPD: chronic obstructive 
pulmonary disease; M: male; F: female; FEVl: forced expi¬ 
ratory volume in one second; FVC: forced vital capacity; **: 
p<0.01 versus appropriate value of normal subjects. 


Table 2. - Characteristics of the chronic obstructive 
pulmonary disease patient subgroups 


• ? ' 

Current 

smokers 

Exsmokers* 

Never 

smokers 

Number 

10 

17 

ii 

Age yrs 

52+11 

65+6 

62+9 . 

Sex M:F 

6:4 

11:6 

3:8 

Current cigarette 
consumption 
cigaretteS'day- 1 

14±7 

0 

0 

Cumulative cigarette 
‘ r 5©n SUrtiption 
" ~pack>yrs ~ 

22.4+15.2 

27.6+20.4 

0 

EEVi % pred 

62.4+12.5 

64.3+16.0 

62.4+18.2 

FEVl/FVC 

58.2+8.1 

57.0+14.9 

58.1+14.3 

: EEVi reversibility 
pred 

5.5+3.S 

, 4.3+3.Q .. 

, S.7+2.5 


. Data are expressed as mean+sc. *: time since smoking ces- 
-sahon YariedJrom 6—396 months, mean 126+114 months. 
cMj jmal e; F: female; FEVt: forced expiratory volume in one 
gs&aat d; FVC: forced vital capacity. 

One male was a welder, one a grinder and another 
worked in a coal merchant's shop. The females were 
textile industry workers (dye-works, chemical ware¬ 
houses or spinning rooms). 

All patients were asked about their smoking and 
disease history and their medical documentation was 
carefully analysed. The number of exacerbations-yr 1 
in the 2 yrs prior to the visit in the whole COPD 
group ranged from 1-8 (mean 3±2). In the current 
smoker, exsmoker and never smoker COPD patients 
the mean number of exacerbations-yr 1 reached 4+2, 
3±2, and 4±2, respectively. The duration of COPD 
(calculated from the date a firm diagnosis was made) 
ranged from 24-436 months, (mean 125+91) for the 
whole group, and 76+52,165+105, and 107+73 months 
for current smoker, exsmoker and never smoker 
COPD patients, respectively. This study was approv¬ 
ed by the Medical University Ethics Committee and 
all subjects gave informed consent before partici¬ 
pation. 

Collection of air condensate 

The expired breath condensate was collected 
just prior to the lung function tests, as described pre¬ 
viously [10, 18], Briefly, patients were asked to 
breathe out spontaneously through a mouthpiece 
with a saliva-trap connected to a collecting tube and 
then to breathe in with the mouthpiece removed for 
20 min. The collecting part of the tube (170 cm in 
length) was covered with ice and salt so that the 
temperature around the tube ranged from -6-0°C, 
allowing all H 2 O z present in the exhaled air to be 
condensed [19]. Each subject wore a noseclip and 
rinsed their mouth with distilled water just before 
and at 7 and 14 min of collection, in order to reduce 
H 2 0 2 evaporation from saliva [19] and nasal spaces 
[10]. At the end of collection, the tube was removed 
from the polystyrene foam container and 2-5 mL 
aliquots of condensate were transferred to Eppendorf 
tubes and stored at -80°C (for not more than 7 days) 
until H 2 0 2 measurements were made. All collec¬ 
tions were performed between 09:00 and 11:00 h 
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and subjects refrained from cigarette smoking for 
12 h before the visit. If the patient failed to refrain 
from smoking or stop medication (as described above) 
the breath condensate was not collected and the visit 
was rescheduled within the next 1-7 days. 


Measurement of hydrogen peroxide 

The concentration of H 2 0 2 in expired breath con¬ 
densate was measured according to the method of 
Ruch et at. [20]. Briefly, 600 jiL expired breath con¬ 
densate was mixed with 600 uL of horseradish per¬ 
oxidase solution (I U-rnL' 1 ) containing 100 pM 
homovanillic acid and was incubated for 60 min at 
37°C. The sample was then mixed with 150 pL 0.1 
M glycine-NaOH buffer (pH 12.0) containing 25 
mM ethylenediaminetetraacetic acid. The homovanil- 
lic acid oxidation product, used as a measure of the 
amount of H 2 0 2 present, was determined spectro- 
fluorinietrically using a Perkin Elmer Luminescence 
Spectrometer LS-50B (Norwalk, CT, USA). Excitation 
was at 312 nm and emission was measured at 420 
Dm. Readings were converted into concentration 
(nM) using the regression equation 

Y=67.64(X-Xo) 

where Y=nmol H/L-IN in the expired breath con¬ 
densate, X=intensity of emission at 420 nm expressed 
in arbitrary units, and X(.^intensity of emission given 
by a reference sample receiving distilled water instead 
of breath condensate, obtained from three series of 
experiments with 10 increasing (0.0125—25 pM) 
H 2 0 2 concentrations. The lower limit of H 2 0 2 detec¬ 
tion was 83 nM and the calibration curve was lin¬ 
ear up to a concentration of 16.7 pM H 2 0 2 , For 
readings that gave results below the sensitivity of 
the method, the H 2 0 2 concentration in expired breath 
condensate was assumed to be 0 nM. 


Statistical analysis 

Data from subjects are expressed as the meamtsD. 
Data from healthy subjects and COPD patients 
(including three COPD subgroups) were analysed 
using a t-test to compare independent samples with 
separate variance estimation. A p-value<0.05 was 
considered to be significant. Pearson correlation was 
used to determine the relationships between the mea¬ 
sured variables. 


Results 

In healthy, never smoking subjects, the mean 
H 2 0 2 concentration in expired breath condensate was 
0.05+0.07 pM (n=17). In 11 (65%) healthy controls 
(7 male, 4 female) there was no H 2 0 2 detectable. 
Patients with stable COPD exhibited a ten-times 
higher concentration of H 2 0 2 (p<0.005) than the 
healthy nonsmokers (fig. 1). The mean H 2 0 2 level 
in the expired breath condensate reached 0.55±0.69 
pM. However, 13 (34%) COPD patients (7 male, 6 
female) revealed no detectable H 2 0 2 levels. Pour of 
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Fig. L — Concentration of H 2 0 2 in expired breath condensate of 
healthy never smokers (o) and chronic obstructive pulmonary disease 
(COPD) subjects (•: never smokers; ▲: current smokers and ■: exsmok¬ 
ers). Individual results below the sensitivity of the H 2 0 2 determination 

(0.083 pM;-) were assumed to be 0 jiM. Mean H 2 0 2 levels found 

in current smoking, exsmoking and never smoking COPD subjects did 
not differ significantly between each other and were 0.44±0.57,0.66±0.77 
and 0.49±0.70 ^M, respectively. However, the mean levels found in 
healthy controls and the whole COPD group did differ significantly 
and were 0.05±0.07 |im and 0.55±0.69 Jim, respectively, p<0.005. 


them were current smokers, 6 exsmokers and 3 had 
never smoked. COPD patients who were permanent 
smokers revealed a tendency to exhale less H 2 0 2 
than COPD exsmokers (0.44+0.57 versus 0.66+0.77 
pM), however this difference was not significant. 
Patients who had never smoked (n=l 1) had 0.49+0.70 
pM H 2 0 2 in their expired breath condensate. Male 
COPD patients showed similar values to female sub¬ 
jects (0.53±0.65, n=20 versus 0.57±0.72 pM, n—18). 

A significant correlation was found between 
H 2 0 2 in the expired breath condensate and FEVi (% 
predicted) in COPD exsmokers and those who had 
never smoked (r=0.6l, p<0.01 and r=0.6l, p<0.05) 
and disease duration in the exsmoker subgroup 
(r=-0.51, p<0.05) (fig. 2.) No correlation was found 
between the expired H 2 0 2 concentration and cumu¬ 
lative cigarette consumption in both smoking and 
exsmoking COPD subjects (r=0,15 and r=-0.11). 
There was no correlation between H 2 0 2 levels and 
present cigarette consumption in COPD patients who 
still smoked (re-0.09). H 2 0 2 also did not correlate 
with time from cessation of smoking in COPD 
exsmokers (re0.27). There was no association bet¬ 
ween the levels of exhaled H 2 0 2 and the age of the 
COPD subjects or healthy controls (re0.24, re0.26). 
Neither the number of exacerbations per year dur¬ 
ing (he 2 yrs prior to the visit nor the disease dura¬ 
tion correlated with the exhaled H 2 0 2 in the whole 
COPD group (r=-0.08, r=-0.23). 


Discussion 

In this study, patients with stable COPD had a 
higher mean H 2 0 2 concentration in their expired 
breath condensate than healthy, never smoking sub¬ 
jects. This is consistent with the recent findings of 
Dekhuijzen etal. [11] and provides evidence for oxi¬ 
dant overload in the airways of COPD patients. 
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Fig. 2. - The significant correlation between the expired breath H 2 0 2 
1 concentration and forced expiratory volume in one second (FEVi) 
, expressed as per cent predicted in a) exsmoking chronic obstructive 
pulmonary disease (COPD) subjects (pcO.Ol) and b) never smoking 
i COPD subjects (p<0.05). There was a significant inverse correlation 
(p<0.05) between the expired H 2 0 2 and disease duration in exsmok- 
, mg COPD subjects (c). 


However, there were twice as many negative H 2 0 2 
readings in our COPD group as in the previous study 
[11]. This may result from the use of a saliva trap, 
nose clip and rinsing of the mouth with distilled 
water just before and during collection of expired 
breath condensate. In addition, patients involved in 


the study used inhaled short-acting pj-agonists, anti¬ 
cholinergics and theophylline. The inhibition of the 
cellular response to inflammatory mediators by these 
drugs [21, 22] may also be responsible for some of 
the negative H 2 0 2 results, although one might expect 
that H 2 0 2 exhalation would be higher after discon¬ 
tinuation of the above medication. 

Our results support the hypothesis that inflam¬ 
matory processes within the airways could lead to 
increased H 2 0 2 exhalation. This has been shown for 
subjects with adult respiratory distress syndrome 
[19, 23, 24], pneumonia [24], bronchial asthma [18, 
25], and asymptomatic cigarette smokers [10]. Various 
data indicate that inflammatory cells, such as alve¬ 
olar macrophages and polymorphonuclear leuko¬ 
cytes, seem to be the main source of exhaled H 2 0 2 . 
Both asymptomatic cigarette smokers and subjects 
with COPD have increased numbers of these cells 
in bronchoalveolar lavage fluid [2, 3, 26]. These 
cells are activated and subsequently produce more 
reactive oxygen species, including H 2 0 2 , than cells 
obtained from healthy nonsmoking subjects [2, 3]. 
H 2 0 2 can also originate from lung microsomes and 
mitochondria. The contribution of H 2 0 2 from this 
source may be significant in hyperoxic conditions 
[27]. 

Cigarette smoke contains a lot of reactive oxy¬ 
gen species and aqueous solutions of cigarette smoke 
generate H 2 0 2 [7, 8]. However, our COPD smokers 
refrained from smoking for 12 h before condensate 
collection. Therefore, it is unlikely that the H 2 0 2 
measured in breath condensate originated directly 
from cigarette smoke. There is catalase and glu¬ 
tathione peroxidase activity in the alveolar lining 
fluid [26, 28] which could decompose H 2 0 2 derived 
from cigarette smoke during the 12 h preceding con¬ 
densate collection. In addition, exhaled ethane (an 
alkane byproduct of lipid peroxidation) decreased to 
baseline levels 3 h after the last cigarette in ciga¬ 
rette smokers, but this value was still higher than 
that of never smoking subjects [29]. 

The presence of H 2 0 2 in expired breath con¬ 
densate is a result of several processes including 
production of H 2 0 2 , diffusion through cell mem¬ 
branes, decomposition by antioxidant enzymes (cata¬ 
lase, glutathione peroxidase) and evaporation from 
the alveolar lining fluid. Alveolar macrophage-derived 
catalase is the main enzyme which decomposes H 2 Q 2 
in the alveolar lining fluid [28]. Cigarette smoke 
causes influx and increased production of reactive 
oxygen species by macrophages and polymor¬ 
phonuclear leukocytes in the lower airways [2, 3], 
The increased amounts of exhaled H 2 0 2 in asymp¬ 
tomatic cigarette smokers can reflect the pulmonary 
oxidant overload [10]. However, some components 
of cigarette smoke, i.e. acrolein, are cytotoxic for 
alveolar macrophages and this may cause the leakage 
of intracellular enzymes [30, 31]. This may lead to 
an increase in the catalase activity in the alveolar 
lining fluid of cigarette smokers [32] and conse¬ 
quently to increased H 2 0 2 decomposition. The rise 
in glutathione level may also be responsible for H 2 0 2 
decomposition since bronchoalveolar lavage fluid 
obtained from COPD patients who were current 
smokers revealed elevated concentrations of reduced 
and total glutathione [26]. Thus, the pro-oxidant 
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j activity of cigarette smoke and the simultaneous 
stimulation of the antioxidant defence against H 2 0 2 
may explain the lack of correlation between the in¬ 
tensity of cigarette smoking and H 2 0 2 levels in the 
breath condensates of current smokers and exsmok¬ 
ers with COPD. This is consistent with studies show¬ 
ing no correlation between exhaled ethane and cigarette 
consumption nor between breath condensate H 2 0 2 
levels and smoking status, and urinary cotinine lev¬ 
els in cigarette smokers [10, 15]. 

Exposure of lung tissue to various inflammato¬ 
ry mediators, including reactive oxygen species, may 
cause a secondary rise in antioxidant defence [33-35] 
with subsequent H 2 0 2 decomposition. It is possible 
that patients with chronic airway inflammation may 
exhale lower amounts of H 2 0 2 than those with acute 
inflammatory response in the lung. Our observation 
that H 2 0 2 levels in breath condensate correlated neg¬ 
atively with disease duration in the COPD exsmok¬ 
ers subgroup confirms this hypothesis to some extent. 
However, COPD subjects with a higher FEVl may 
represent those with lower inflammatory damage to 
the lungs and a lower secondary rise in the antiox¬ 
idant enzymes activity. This may explain the posi¬ 
tive correlation between H,0 2 levels and the FEV1 
of exsmokers and never smoking subjects. Patients 
with exacerbation of COPD exhale more H 2 0 2 than 
those with stable disease [11]. Patients included in 
this study had not suffered from any COPD exac¬ 
erbation for the last three months prior to recruit¬ 
ment, Since the number of exacerbations per year 
did not correlate with H 2 0 2 in the breath conden¬ 
sates one may suppose that H 2 0 2 exhalation decreas¬ 
es to the characteristic COPD stable phase level 
during the 3 month period after exacerbation. 

In conclusion, we found that patients with sta¬ 
ble chronic obstructive pulmonary disease had ele- 
1 vated H 2 0 2 concentrations in their expired breath 
condensate. H 2 0 2 levels did not correlate with cig¬ 
arette smoking status. Moreover, current smokers 
with chronic obstructive pulmonary disease did not 
exhale more of H 2 0 2 than nonsmoking chronic 
obstructive pulmonary disease subjects. Thus, mea¬ 
surement of H 2 0 2 could be a simple noninvasive 
method to demonstrate enhanced generation of reac- 
| tive oxygen species in the airways of chronic obstruc¬ 
tive pulmonary disease patients. 
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